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INTELLIGENT ENVIRONMENTAL SENSOR FOR IRRIGATION SYSTEMS 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional patent application serial 
number 60/421,613 filed October 24, 2003. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a system for regulating the operation of an 
irrigation system. More particularly, the invention pertains to a regulator system 
for regulating the operation of an irrigation system which is responsive to user 
programmed information, 

Description of the related art. 

Automatic irrigation systems such as those employed for landscape and 
agricultural watering are well known in the art. Typical irrigation systems use a 
means of controlling the watering cycles via an automatic controller. The need to 
control watering cycles due to environmental conditions is important for saving 
costs and preventing unsafe conditions. Watering cycle controls must be 
responsive to precipitation, high wind and freezing temperature situations. The 
usual means of suspending an automatic watering cycle in an irrigation system is 
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by an operator manually canceling a cycle at an irrigation controller. At most 
times this proves to be unreliable and inconvenient due to inconsistencies by the 
operator. Often an operator ignores the need to suspend the watering cycle, 
and/or neglects to resume the watering cycle when required. This leads to over- 
5 watering and under-watering of the landscaping. 

Rain sensors for irrigation systems are an effective and economical method of 
conserving water, energy, and costs. One such rain sensor for an irrigation system 
is described in U.S. patent 6,452,499, which is incorporated herein by reference. 
10 This patent shows an easy to install rain sensor which wirelessly transmits fain 
sensor data to an irrigation system. The data is wirelessly received at a control 
mechanism and affects the operation of the irrigation controller as desired. 

One drawback of currently 'available rain sensors is the inability to effectively 
15 change the control parameters for choosing the environmental conditions for 

allowing or suspending watering by the irrigation system. Existing systems have 
some major disadvantages in that typical rain sensors are factory pre-set for the 
environmental conditions for allowing or suspending watering by the irrigation 
system or are only adjustable at the remote sensing location. Known weather 
20 sensors interface with an irrigation controller to prevent or resume watering 
dependent upon local weather conditions such as rain, temperature, and wind 
conditions. For example, a rairi and freeze sensor would communicate to the 
irrigation controller and prevent watering of lawns and landscape when it is 
raining, has rained recently or the temperature is too low. 

25 

However, once installed and adjusted, rain sensors do not allow for parameter 
adjustments to be made by an individual at the irrigation controller. Also, existing 
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systems are not able to interpret the input received from the sensor. Typically the 
sensor either makes or breaks an electrical circuit and thereby prevents the 
irrigation controller from watering by either breaking a connection to a common 
solenoid, valve or wire or by connecting to special sensor inputs on the controller. 
5 The extent by which existing systems can be controlled is limited to sensitivity 
adjustments of the sensor unit such as for the amount of accumulated rainfall 
required to trip the sensor. Also, typically, weather sensors are mounted where 
they are exposed to the elements and oiice mounted are not easily adjusted or 
manipulated. Hence there is a need for the ability to control a weather sensor 
10 from an interface of these sensors or sensor systems with the irrigation controllers 
to which they are connected. 

It would be advantageous for the operator to be able to program varying 
environmental conditions for changes to meet seasonal or geographic requirements. 

15 The present invention provides a device, method, and system for controlling a 

weather sensor for irrigation systems whereby the input obtained from the weather 
sensor is intelligently interpreted in order to provide increased functionality and 
redundancy in a given weather sensor installation. The invention employs a 
design and method allowing for the user or irrigation system installer to quickly 

20 and easily adjust control values or limits for the weather sensor such as the 
minimum and maximum amount of time the sensor is permitted to leave the 
irrigation system in the inactive state thus allowing for dynamic, user settable 
environmental control parameters. Maximum time settings also have the added 
advantage of being a system failsafe which can prevent landscape loss due to lack 

25 of water should there be a sensor failure. Through the use of a microprocessor or 
other form of control circuitry, weather sensors for irrigation systems, whether 
wired or wireless, can be programmed to behave in a certain fashion based on 
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inputs received from the sensors themselves. The invention utilizes control 
circuitry to enable intelligent decisions to be made at, near, or within the irrigation 
controller and also at the sensors themselves. The invention also include user 
settable temperature limits that allow the user to actively set the temperature 
5 below which the sprinkler system will remain off due to the risk of frozen 

vegetation or the icing of walkways should the system activate when the ambient 
temperature is too low. Another feature of the invention utilizes separate rain 
sensor functions such that one switch activates rapidly due to rain, while another 
activates after a certain amount of rain falls and accumulates. This feature has the 

10 benefit of allowing decisions to be made either at the sensor itself or at the 
receiver or irrigation controller. It allows for a sensor switch to be eventually 
ignored should it not be followed by the other switch activating indicating 
sufficient rainfall and therefore not requiring sprinkler deactivation. In this 
instance, the sprinkler system would be deactivated upon the sensor element 

15 triggering, however the system is programmed to resume in its active state should 
the second, accumulation type sensor not trigger within a certain amount of time. 
Another feature of the invention allows for the control of an irrigation system by 
more than one sensor type, such as a rain sensor and a temperature sensor - while 
utilizing either a wired feedback system or a wireless system. Both wired and 

20 wireless systems allow the system to interpret whether a rain signal or a 
temperature signal is being applied by using a varied data signal, or varied 
electrical resistance. This feature has the advantage of allowing the sensor data to 
be received and interpreted based on the certain condition being sensed as 
opposed to sending a simple on/off type data signal. This allows for combination 

25 of weather conditions to be intelligently interpreted and to provide for better 
control of the irrigation system. 
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SUN4MARY OF THE INVENTION 



The invention provides a regulator system for regulating the operation of an 
irrigation system, responsive to user programmed information, comprising 

5 

a) a control element for issuing watering control signals to an irrigation system, 
comprising at least one of (i) a duration programming device for programming a 
minimum amount of time and a maximum amount of time for the suspension of 
watering by the irrigation system, and (ii) a user adjustable temperature 

10 programming device for programming a minimum allowed temperature for 
initiating a watering period by the irrigation system; 

b) an irrigation system interface for connecting said control element with the 
irrigation system; 

15 

c) a switch for conveying the control signals from the control element to the 
irrigation system via the irrigation system interface, for either permitting or 
prohibiting watering by the irrigation system, responsive to the control signals 
generated by and received from the control element. 

20 

The invention also provides a regulator system for regulating the operation of an 
irrigation system, responsive to user programmed information, comprising 

a) a control element for issuing watering control signals to an irrigation system, 
25 comprising both (i) a rainfall detection sensor which is capable of sensing whether 
rain is currently falling or a rate of rainfall, and which wirelessly transmits control 
signals to the irrigation system responsive to a rain currently falling condition, and 
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(ii) a rainfall accumulation sensor which is capable of sensing a quantity of 
accumulated rainfall, and which wirelessly transmits a watering signal or a 
watering suspension signal to the irrigation system; wherein each of the signals 
from the rainfall detection sensor and the rainfall accumulation sensor are 
5 independently recognized by the irrigation system and independently cause a 
response by the irrigation system; 

b) an irrigation system interface for connecting said control element with the 
irrigation system; 

10 

c) a switch for conveying the control signals from the control element to the 
irrigation system via the irrigation system interface, for either permitting or 
prohibiting watering by the irrigation system, responsive to the control signals 
generated by and received from the control element. 

15 . • 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and IB show one installation layout of irrigation regulator system 
20 according to the invention, 

Figures 2A, B, C, and D show Various configurations of irrigation regulator 
systems. 

25 Figures 3A and 3B show two embodiments of a receiver portion of the irrigation 
regulator system. 
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Figure 3C shows a hard-wired embodiment of the receiver portion of the irrigation 
regulator system. 



Figures 4A and 4B show two embodiments of a wireless receiver portion of the. 
5 irrigation regulator system. 

Figures 5A and 5B show an interface between the irrigation controller and the 
irrigation regulator system's hard-wired receiver control circuitry. 

10 Fig. 6 shows a schematic representation of an irrigation regulator system according 
to the invention and its positioning with respect to an irrigation system and an 
optional irrigation system controller. 

Fig. 7. shows a flowchart for setting the microprocessor for the minimum and 
15 maximum number of days between waterings* 

Fig. 8. shows a flowchart for setting the microprocessor for the minimum 
temperature for watering. 

20 Fig. 9. shows a flowchart for setting the microprocessor for nionitofing a rainfall 
detection sensor and a rainfall accumulation sensor. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 6 shows a schematic representation of an irrigation regulator system 
according to the invention and its positioning with respect to an irrigation system 
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and an optional irrigation system controller. The regulator system is shown to 
have a control element, a switch and an interface. The regulator system is either 
directly connected to the irrigation system or indirectly connected to the irrigation 
system through an intermediate irrigation system controller. Irrigation system 
controllers are well known in the art and serve to control water flow through the 
irrigation system tubing, valves and spray heads, usually on a timed, pre- 
programmed basis. The regulator system of this invention can either by-pass the 
controller and regulate the irrigation system directly, or in the preferred 
embodiment, the regulator operates to regulate the controller, and hence regulate 
the irrigation system indirectly through the controller. 

The control element issues watering control signals to the irrigation system. In 
one embodiment, the control element has either or both of (i) a duration 
programming device for programming a minimum amount of time and a 
maximum arnount of time for the suspension of watering by the irrigation system, 
and (ii) a user adjustable temperature programming device for programming a 
minimum allowed temperature for initiating a watering period by the irrigation 
system. 

In the usual case, the duration programming device programs a minimum number 
of days and a maximum number of days for the suspension of watering by the 
irrigation system. In the preferred embodiment, the duration programming device, 
which may be digital or analog, comprises a microprocessor or programmable 
logic controller (PLC) , and a clock which are mounted in a housing. The 
microprocessor or PLC is programmed for irrigation time and duration 
changeability by an operator through appropriate controls such as buttons or 
knobs on the housing. The control element also has a temperature programming 
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device. In the usual case, the user adjustable temperature programming device 
programs a minimum allowed temperature for initiating a watering period by the 
irrigation system. In the preferred embodiment, the temperature programming 
device, which may be digital or analog, comprises a microprocessor or PLC 
5 which is mounted in the housing with a remotely located thermometer relaying 
temperature data to the regulator system receiver. The microprocessor or PLC is 
programmed for temperature changeability by an operator through appropriate 
controls such as buttons or knobs on the housing. The duration programming 
device and the temperature programming device may share the same 
10 microprocessor or PLC. Usually the control element has both a duration 
programming device and a temperature programming device. 

The control element controls a switch, as shown in Figure 6, which sends the 
appropriate control signal to the irrigation system through an irrigation system 

15 interface. The switch conveys control signals from the control element to the 
irrigation system via the irrigation system interface, for either permitting or 
prohibiting watering by the irrigation system, responsive to the control signals 
generated by and received from the control elerhent. The switch may be a toggle 
switch, a relay, an EPROM or other programmable switch, or other data control 

20 mechanism. The switch may also be a part of the above mentioned 

microprocessor or PLC. The interface may be a wired or a wireless connection 
between the control element and the irrigation system or irrigation system 
controller. Wireless connections include a radio frequency, infrared, or ultrasonic 
transmitter for wirelessly transmitting control signals to the irrigation system. 

25 The transmitter may be operated by an energy source such as an electric power 
line, a battery, solar energy, light energy, hygroscopic expansion energy, wind 
energy, temperature dependent expansion energy, and combinations thereof. The 
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invention also allows for wireless transmission to occur at non-predetermined 
intervals. Rather than sending transmissions based on regular time intervals, the 
invention allows for transmissions to be sent based on a sensed change of an 
environmental condition. For instance, a transmission can occur every time 
rainfall is sensed, additionally transmissions can be made due to temperature 
changes to allow for system redundancy wherein multiple transmissions can be 
sent to validate sensor status. This feature has the additional advantage of falling 
Under Part 15 of the FCC rules for unlicensed wireless transmitters whereby a 
higher output power is allowed since pre-determined intervals for transmissions 
are not used. The regulator system may further have a bypass switch which 
allows the current state of the control element to be ignored. The bypass switch 
may be automatically resetting based on a change in state of the control element. 

In another embodiment of the invention, the control element may further comprise 
a rainfall detection sensor which is capable of sensing whether rain is currently 
falling or a rate of rainfall, and which transmits control signals to the irrigation 
system responsive to a rain currently falling condition or a rate of rainfall. 
Preferably such a rainfall detection sensor alternatively wirelessly transmits a 
watering signal or a watering suspension signal to the irrigation system.^ Rainfall 
detection sensors are known in the art. 

In another embodiment of the invention, the control element may further comprise 
a rainfall accumulation sensor which is capable of measuring a quantity of 
accumulated rainfall; and which alternatively transmits a watering signal or a 
watering suspension signal to the irrigation system responsive to a quantity of 
accumulated rainfall condition. Preferably such a rainfall accumulation sensor 
alternatively wirelessly transmits a watering signal or a watering suspension signal 
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to the irrigation system responsive to a quantity of accumulated rainfall condition. 
Rainfall accumulation sensors are known in the art and may comprise a 
hygroscopic material that expands upon contact with moisture from water vapor, 
rain, snow, or ice. The rainfall accumulation sensor may be attached to a rainfall 
5 accumulation sensor switch which is connected mechanically to the hygroscopic 
material and electrically to a transmitter. A transmitter is preferably wirelessly 
connected to the irrigation system. The rainfall accumulation sensor switch is 
responsive to the hygroscopic material expanding a given amount indicative of a 
predetermined level of atmospheric precipitation. The rainfall accumulation 
10 sensor switch enables the transmitter to transmit signals to the irrigation system 
indicative of an atmospheric precipitation condition and hence allowing watering 
or causing watering suspension. 

In another alternative, the regulator system may further have a remotely located 
1 5 receiver receptive of wireless signals from a transmitter, for converting the 

wireless signals into electrical control information, for application to the control 
element for affecting timed preprogrammed operation of the irrigation system. In 
this case, the control element is responsive to the presence of electrical control 
information for terminating any present or programmed future operation of the 
20 irrigation system, and further responsive to the termination of electrical control 
information for resuming timed preprogrammed operation of the irrigation 
system. The receiver may have a signal strength indicator which serves as an 
installation aid so that the installer can manipulate both a receiver and transmitter 
in order to obtain the strongest signal for any given- installation. When working 
25 with wireless devices, this type of information saves installer time, and provides 
an ongoing indicator for the property owner of the device because the signal 
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strength can be monitored over time to assure proper functioning of the installed 
unit. 

In an alternate embodiment of the invention the control element comprises both (i) 
5 a rainfall detection sensor which is capable of sensing whether rain is currently 
falling or a rate of rainfall, and which wirelessly transmits control signals to the 
irrigation system responsive to a rain currently falling condition, and (ii) a rainfall 
accumulation sensor which is capable of sensing a quantity of accumulated 
fainfalli and which wirelessly transmits a watering signal or a watering suspension 

10 signal to the irrigation system. Each of the signals from the rainfall detection 
sensor and the rainfall accumulation sensor are independently recognized by the 
irrigation system and independently cause a response by the irrigation system. In 
one case the signal from the rainfall detection sensor is ignored by the irrigation 
system after a predetermined period of time if a signal from the rainfall 

15 accumulation sensor is not received by the irrigation system within the 

predetermined period of time. In another case the predetermined period of time, 
the amount of rainfall detected by the rainfall detection sensor for transmitting a 
control signal, and the amount of rainfall accumulated by the rainfall 
accumulation sensor for transmitting a control signal are programmable for 

20 variability. In these alternate embodiments, the control element comprises an 

adjustable rainfall detection sensor, and an adjustable rainfall accumulation sensor 
together with the appropriate microprocessor or PLC for the wired or wireless 
transmission of a watering signal or a watering suspension signal to the irrigation 
system. 

25 

The herein described regulator system may further include additional sensors such 
as a light sensor, a pressure sensor, a wind sensor, and combinations thereof, 
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connected to the irrigation system and which either permit or prohibit watering by 
the irrigation system, responsive to a signal generated by a sensed condition. 

Figures lA and IB show installation layouts and placements of the typical 
5 irrigation regulator system according to the invention. The irrigation regulator 
system includes an environmental 2 mounted on a structure 16 which 
communicates with a remotely located irrigation controller 18. Figure lA shows a 
hard-wired installation where environmental sensor 2 and its control circuitry 4 
are wired via sensor data/communication wiring 20, to a receiver 10 and its 
10 control circuitry 12. The receiver in turn is interfaced with irrigation controller 
18, which communicates with the rest of the irrigation system 14, via irrigation 
controller communicator 22. The same features apply for Figure IB except that 
the information is transmitted via a wireless communication signal 8. 

15 Figures 2 A, 2B, 2C, and 2D show various configurations of an irrigation regulator 
system sensor according to the invention. Figure 2A shows a hard-wired irrigation 
regulator system sensor with control circuitry 4, that communicates via 
data/communication wiring 20. Figure 2B shows a wireless irrigation regulator 
system sensor using a wireless transmitter 6 to communicate data to the irrigation 

20 controller. Figure 2C shows the use of two different types of precipitation sensors 
that are both interfaced with the control circuitry 4 in order to allow the sensor 
control circuitry or the receiver control circuitry to determine how to control the 
irrigation system based on inputs received from one or both of the sensors. This 
allows the irrigation regulator system to act rapidly to turn off irrigation should the 

25 rainfall detection sensor 27, become activated. It would then only keep the 

irrigation system off if the rainfall detection sensor activation was followed by the 
rainfall accumulation sensor 23, activating within a predetermined amount of 
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time. Figure 2D shows a wireless irrigation regulator system transmitter/sensor 
that employs both a rain sensor mechanism and also incorporates a temperature 
sensor 28, that both interface into control circuitry 4.. Figure 2D also shows how 
two different types of sensors can be fed into the same control circuitry, whether 
at the sensor itself or at the receiver connected via communication wiring 20, as 
shown in Figure 2A. In this particular embodiment, a rainfall accumulation 
sensor 23, and a temperature sensor 28, are shown. 

Figures 3A and 3B show two embodiments of a receiver portion of the iirigation 
regulator system. Figure 3 A shows an embodiment having rain sensor controls in 
a housing 1 1 , Set and mode buttons 35, 36 provide for user input and increased 
functionality at the receiver and via the indicator lights, namely, a minimum days 
indicator light 30, a maximum days indicator light 3 1, a rain delay indicator light 
32, a signal strength/number indicator light 33, and a low battery indicator light 
34, which provide the ability to manipulate how data is interpreted and how the 
irrigation system is controlled. Bypass button 37 shows how activation of a 
system by-pass is enabled, and light 38 is a system off or rain indicator. Figure 
3B shows an embodiment where a rain and freeze $ensor data apply to a receiver 
with freeze indicator 40 and a user adjustable temperature indicator 41. A digital 
LCD or LED 39 may also be used. Figure 3C shows a hard-wired receiver 
interface with sensor data wiring 20 and receiver controller interface wiring 50 
Also to be noted on Figure 3C is the series of indicator lights 33, that act as 
numerical indicators for adjusting minimum days, maximum days, and rain delay, 
since signal strength does not apply to a hard-wired type unit. 

Figures 4A and 4B show how wireless receiver 10 and receiver control circuitry 
12. interface with an irrigation controller 18. Figure 4B shows how the receiver 10 
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and receiver control circuitry 12 can be integrally housed within the irrigation 
cdntroller 18. In both these embodiments, the control circuitry 12, interfaces with 
the controller 18, via receiver/controller interface wiring 50. Figures 3A and 3B 
show the wireless receiver interface. These receiver interfaces, apply to both hard- 
5 wired and wireless systems, with the only exceptions being that there is no 
application for signal strength or a battery low indicator with a hard-wired 
receiver. Figure 3C shows more specifically the hard-wired receiver interface. 
The user or installer, through the use of the mode and set buttons, can change 
system control parameters at the receiver without having to adjust the sensor at 

10 all. The user has the ability to set the minimum number of days that an irrigation 
system is to remain off after a rain or freeze activation by applying a set point in 
the minimum days data register. Likewise the user can set the absolute maximum 
number of days the irrigation system will remain off due to a rain or freeze 
activation. A rain delay feature is also incorporated whereby the user can set the 

15 number of days the irrigation system will remain off regardless of whether or not 
any of the sensors become active - this feature also has the added benefit of being 
able to be automatically turned off should any of the sensors become active during 
the set period of the rain delay. As shown in Figure 3B, when a temperature 
sensor is employed and provides the ability to apply a set temperature at which 

20 point, and temperatures below, the irrigation system will be turned off due to 

freezing/icing hazards. The user interface is simple in that by pressing the mode 
button, different indicator lights will illuminate, then by pressing the set button, 
the value for the illuminated mode can be changed. For example, by pressing the 
mode button 36 until the Max Days light 31 illuminates, the user can then press 

25 the set button 35 to increnient the signal/numerical lights 33, to set the number or 
days into the data register. 
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Figures 5A and 5B show the interface between the irrigation controller 18 and the 
hard-wired receiver control circuitry 12. 

Figure 7 shows a flowchart for the minimum and maximum days between 
5 watering cycles. The user inputs sets of variables via a receiver interface, for 
example the minimum number of days MINDAYS (1 , 2, 3, 4, or 5) and the 
maximum number of days MAXDAYS (6, 7, 8, 9 or 10). The MINDAYS and 
MAXDAYS variables are then written to the microprocessor memory. If a sensor 
wet or sensor cold signal has been received, the receiver is set into rain or freeze 
10 mode and all watering is now suspended. The variable ACTIVETIME is set = 0 
and a timer is started which increments ACTIVETIME with time elapsed. If the 
ACTIVETIME is greater than MINDAYS, and a sensor dry or sensor warm signal 
has been received and ACTIVETIME is not greater than MAXDAYS, then the 
receiver is set into normal mode and watering is allowed. 

15 

Figure 8 shows a flowchart of user settable temperature. The user inputs a 
variable via receiver interface, which includes a liquid crystal display for the 
minimum temperature MINTEMP, for example, 36 "^F to 50 ''F. The MINTEMP 
variable is then written to microprocessor memory. Sensor temperature data 
20 TEMP is transmitted periodically to the receiver. If the TEMP is not greater than 
MINTEMP the receiver is set into freeze mode, and all watering is suspended. 

Figure 9 shows a flowchart where two rain sensors, namely a quick reacting 
rainfall detector and a rainfall accumulation detector. The two separate rain 
25 sensors are connected to the transmitter microprocessor. Each sensor can be 
identified separately by the microprocessor such as by using separate 
microprocessor inputs. One sensor is a quick reacting rainfall detector using a 
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sensing method such as rain droplet conductance or a small hygroscopic element 
connected to a switch. The other sensor is an accumulation type rainfall detector 
using a standard hygroscopic disk stack element connected to a switch. The 
variable QRAIN is written to the transmitter unit microprocessor memory when 
5 the quick reacting rainfall detector is active. The variable RAIN is written to the 
transmitter microprocessor memory when the rainfall accumulation detector is 
active. Sensor data (QRAIN and RAIN) are transmitted periodically to receiver 
and also any time there is a change in either or both of these sensors, and hence 
variables. If the variables RAIN and QRAIN are active, the receiver is set into 

10 rain mode and all watering is suspended. If only the variable QRAIN is active^ the 
variable QRAINTIME is set = 0 and a timer starts that increments QRAINTIME 
with time elapsed. If QRAINTIME is not greater than 30 minutes, the receiver is 
set into rain mode and watering is suspended. If QRAINTIME is greater than 30 
minutes and the variable RAIN is not active, the receiver is set into dry mode and 

15 . watering is allowed and the QRAIN value is ignored until it changes value again. 

While the present invention has been particularly shown and described with 
reference to preferred embodiments, it will be readily appreciated by those of 
ordinary skill in the art that various changes and modifications rhay be made 
20 without departing from the spirit and scope of the invention. It is intended that the 
claims be interpreted to cover the disclosed embodiment, those alternatives which 
have been di$cussed above and all equivalents thereto. 
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